Introduction
============

"Different strokes for different folks" implies that every individual has a preference for a specific object or activity. Human beings are highly social groups and the ability to cater to the preferences of other individuals is encouraged in society. Consequently, the ability to accurately infer the preferences of another individual is critical for a successful social interaction in daily life. The ability of preference-inferring based on intuition involves theory of mind (ToM) ([@B28]), and the ToM refers to the ability to infer other individuals' mental states and to make predictions about their behavior. Preference-inferring is an important aspect of the ToM. In daily life, we may encounter situations associated with different levels of certainty. In some situations, it is possible to infer the preferences of other individuals easily by analyzing the available information. For example, we may come to the conclusion that Xiaoming likes to eat fish by adopting the rule that consistent selection of an object over other alternatives indicates preference for that object ([@B42]). However, many inferences regarding the human mind (e.g., preference) are ambiguous. For example, if Liming buys orange juice on some occasions and coke on others, it is impossible to infer preference for a particular drink. As the available information in ambiguous situations is too limited to make inferences, the observers must proceed with a provisional hypothesis about the mental states of the target, which remain ambiguous until further information is obtained. [@B25] indicated that observers did make assumptions about the mental states of other individuals under ambiguous circumstances, but they did not do so using the rule-based approach that is used in case of conditions of greater certainty. Simulationist theory, one of the theories that could explain how an individual endeavors to understand the mind of another, suggests that, although observers have not direct access to the mind of another individual, they can directly access the conscious experiences of their own mind, thus, they could use their own conscious experience as an available model to comprehend the mental of that individual ([@B27]). Given a scarcity of available information, preference-inferring under ambiguous scenarios may rely more on self-simulated and internally formed information, which may arise from their own firsthand experiences or similar circumstances in the past ([@B40]). Therefore, the self-based simulationist approach could be used to understand the mind of others under ambiguous scenarios.

Many previous studies ([@B30]; [@B39]; [@B51]) have indicated that the mirror-neuron system (MNS) of human is mainly analogously involved two cortical areas, namely, inferior frontal cortex (IFG) and inferior parietal lobule (IPL). MNS is found to be closely related with imitative behavior ([@B37]) and social cognition ([@B38]). The MNS, especially IPL, is closely associated with comprehension of intention and imitation. For example, robust activity was found in IPL in monkeys when they engaged in a task which needed them to infer the experimenter' intentions ([@B17]). Neuroimaging evidence from human studies also reported significant activity in IPL during imitation tasks condition ([@B12]; [@B50]) and ToM task ([@B43]). Given that the MNS is strongly associated with comprehension of intention and imitation, and inferring preferences under ambiguous conditions relies more on simulated, internally generated information, it is reasonable to deduce that there may be significant activity in MNS while subjects are engaged in inferring the mental state of other individuals (e.g., preference) under ambiguous conditions. In addition, the insular cortex, particularly anterior insula (AI), was found to be involved in processing empathy and uncertainty ([@B61]). In addition, evidence from findings in non-human primates also showed that the AI and especially in its anterior-basal parts have been found to be involved in the emotion processing and empathy processing ([@B22]; [@B44]). As preference carry considerable emotional component, preference-inferring can be viewed as affective ToM. Some researchers suggested that the concept of 'affective ToM' was very similar to that of empathy ([@B58]). Furthermore, the schizophrenia patients tend to have deficits in social cognition, and the results from different ToM paradigms found reduced activation in insula among schizophrenia patients ([@B55]; [@B10]), implying that insula cortex was engaged in inferring the mental state of other individuals. More importantly, studies on decision-making have reported increased signal in the AI in response to ambiguity ([@B33]). Since the preferences of other individuals, in ambiguous scenarios, are associated with high degree of uncertainty, and given that the insula cortex involves in ToM and empathy, it is reasonable to deduce that there may be significant activity in AI while participants are engaged in inferring preferences under ambiguous condition.

Attachment theory offers an important framework for interpersonal interaction experiences that play a critical role in regulating affect, cognition, and interpersonal behavior, and are also related with interpersonal functioning, resilience, and mental symptoms ([@B5]; [@B6]; [@B56]). According to the attachment theory, interactions with early main caregivers are memorized and organized as schematic, or script-like internal working models ([@B8]), which then lay the foundation of the nature of an individual's attachment style. The responsive and trustful experiences of interaction with caregivers (i.e., attachment figure) lead to the formation of a secure attachment style. However, insensitive, unsupportive, or dismissive experiences with attachment figures lead individuals to develop an insecure attachment style ([@B31]). Insecure attachment mainly includes avoidant attachment and anxious attachment. The avoidant attachment is marked by "deactivation strategies," such as maintaining self-reliance, and tending to avoid emotional states that could activate their attachment system. However, the anxious attachment is marked by "hyperactivation strategies," such as heightened attention to threat-related thoughts and memories ([@B49]).

The attachment style of an individual remains relatively stable into adulthood, and provides a schema for determining how people perceive and react during a variety of social encounters. As an important schema of interpersonal interaction, attachment style affects ToM abilities. ToM skills are considered to more likely to develop within secure attachment bonds ([@B18]), implying that, attachment style may have an influence on ToM, which also has been supported by many other studies ([@B34]). In addition, a recent study, which investigated the relationship between ToM and attachment anxiety and avoidance among adolescence, found that anxiety toward the mother was associated with inaccurate mindreading ([@B36]). This indicates that insecure individuals may be deficient in ToM abilities. However, adopting the same ToM paradigm, [@B35] found that anxious attached women may be better mindreader when stimuli were emotionally neutral or difficult to recognize. It is still unknown whether adult insecure attachment has a negative impact on ToM abilities. More importantly, to the best of our known, there is only one neuroimaging study has investigated the effect of neural basis underlying adult attachment style on ToM processes ([@B57]). Furthermore, although preference-inferring is an important aspect of ToM, there is no study has explored the effect of adult attachment on preference-inferring. Furthermore, since the preferences of other individuals have an emotional component, understanding, and catering to these preferences contributes to the formation intimate relationships. Compared with secure attached adults, the insecure attached adults tend to exhibit greater difficulty in establishing or maintaining intimate relationships ([@B48]). Thus, the inability to accurately understand and cater to the preferences of other individuals may be related to the poor quality or lack of intimate relationships of insecure individuals during adulthood. Therefore, investigating the neural mechanisms behind the effect of adult attachment on preference-inferring under unambiguous and ambiguous conditions may contribute us better understanding about the relationship between the relationship quality and adult attachment.

We were aiming to explore the potential neural mechanisms underlying the effect of adult attachment on preference-inferring under unambiguous and ambiguous conditions. Participants were scanned using functional magnetic resonance imaging (fMRI) while they read short vignettes that described an individual's preferences under unambiguous or ambiguous condition. Based on the results of previous studies mentioned above, we anticipate that adult attachment style influences neural activity of MNS-associated brain regions and AI when individuals infer preferences of others, especially in ambiguous conditions.

Materials and Methods {#s1}
=====================

Participants
------------

A total of 436 Chinese undergraduate students were selected for online administration of the Chinese version of the Experience in Close Relationships Scale (ECR), and the Relationship Questionnaire (RQ) ([@B66]). According to screening criteria of previous studies ([@B13]; [@B46],[@B47]), Twenty participants (4.6%), scoring lower than 1 standard deviation (*SD*) below the mean on both attachment-avoidance and attachment-anxiety dimensions, and classified as a secure individual by the RQ, were assigned to the "secure attachment" group (nine males; mean age = 21.15 years, *SD* = 1.50). Twenty participants (4.6%) with ECR scores higher than 1 *SD* above the attachment avoidance dimension and lower than that for the attachment anxiety dimension, and classified as an dismissing individual by the RQ, were assigned to the "avoidant attachment" group (eight males; mean age = 19.85 years, *SD* = 1.53). Eighteen participants (4.1%) with ECR scores higher than 1 *SD* above the attachment anxiety dimension and lower than that for the attachment avoidance dimension, and classified as an preoccupied individual by the RQ, were assigned to the "anxious attachment" group (11 males; mean age = 20.28 years, *SD* = 1.93). All participants were right-handed, reported normal or corrected-to-normal vision, and had no history of neurological disorders. Participants signed written informed consent forms and were financially compensated for their participation. The data were analyzed anonymously, and personal identification information was handled confidentially. The study was approved by the local ethics committee and the methods were carried out in accordance with the Helsinki guidelines as per the WHO ([@B26]).

Measurements
------------

A Chinese version of the ECR and the RQ were used in the current study. The validity and reliability of these tools have been consistently demonstrated in the Chinese population. The scale consists of two dimensions: the attachment anxiety (e.g., "I worry about being abandoned") and attachment avoidance (e.g., "I prefer not to show a partner how I feel deep down"). The two dimensions are composed of 18 items each. Participants were required to rate the extent to which each item described their experiences in close relationships, on a seven-point rating scale ranging from 1 (not at all) to 7 (very much). The scale achieved reliable internal consistency for both attachment anxiety (0.928) as well as attachment avoidance (0.930).

The RQ describes four attachment prototypes (secure attachment, preoccupied attachment, dismissing attachment, and fearful attachment), using four paragraphs, based on self/other representation dimensions ([@B4]). Participants were instructed to rate the extent to which each prototype described their experience on a seven-point scale, and the highest prototype score determined the individual's attachment style. [@B45] have earlier reported a strong negative correlation between the attachment avoidance score of the ECR and the other-representation score of the RQ, as well as the attachment anxiety score of the ECR and the self-representation score of the RQ. According to previous studies ([@B29]; [@B14]), the self-model scores was calculated by the rating scores of prototype featured by a positive view of the self (i.e., secure and dismissing) minus the rating scores of patterns featured by a negative view of self (i.e., the fearful and preoccupied). The other model scores was computed by the rating scores for prototype characterized by a positive view of others (i.e., secure and preoccupied) minus rating scores for patterns characterized by a negative view of others (i.e., fearful and dismissing). In current study, there was significant negative correlation between the attachment avoidance score of the ECR and the other-representation score of the RQ (*r* = -0.49, *p* \< 0.01), as well as the attachment anxiety score of the ECR and the self-representation score of the RQ (*r* = -0.48, *p* \< 0.01).

Preference-Inferring Task
-------------------------

The short vignettes used in current study were translated from those used in previous study ([@B40]). The short vignettes contain three kinds of scenarios, namely, unambiguous preferences scenarios, ambiguous preferences scenarios, and non-social scenarios. We invited English major post-graduates to translate the English vignettes to Chinese, and adjusted the content on the basis of differences between Chinese and western cultures. In order to ensure the effectiveness of the translated vignettes, we conducted one pilot experiment before the actual fMRI experiment. Thirty-three subjects (16 males; mean age = 21.32, *SD* = 1.54) read the three kinds of vignette and answered the questions. Subjects were also required to rate the answers in terms of unambiguity, using a five-point scale: 1 (very ambiguous) to 5 (very unambiguous). The data obtained indicated that the unambiguous preference scenarios and non-social scenarios were understood well, the percentages of correct understanding were 88.88 and 75.24%, respectively. The unambiguous preference scenarios and ambiguous preference scenarios differed significantly in their unambiguity of answer \[unambiguous preferences scenarios: 4.3 ± 0.34, ambiguous preferences scenarios: 2.51 ± 0.64; *F*(1,64) = 14.30; *p* \< 0.0001\], and the non-social scenarios and ambiguous preferences scenarios also differed significantly in their unambiguity of answer \[unambiguous preferences scenarios: 4.07 ± 0.44, ambiguous preferences scenarios: 2.51 ± 0.64; *F*(1,64) = 11.51; *p* \< 0.0001\]. Therefore, the short vignettes could be well-understood by Chinese subjects, and were fit to be used as experimental materials.

During scanning, participants read short vignettes relating everyday events. The vignettes mainly described a protagonist's preferences. In the unambiguous version of each scenario, the preferences of the protagonist would be strongly suggested, but not explicitly stated. In the ambiguous versions of each scenario, the protagonist's preferences could be any one of multiple possibilities under the circumstances, that is, the information provided left the inference more open-ended. Following each preference scenario, participants needed to answer a single multiple-choice question about the protagonist's preferences; while following each non-social scenario, participants needed to answer a question about a physical representation (**Table [1](#T1){ref-type="table"}**). After each trial started, the story and the question were presented together on screen for a total of 10 s. This was followed by four response choices, which were presented for 4 s. During this interval, participants were instructed to select their chosen ending by a key-press response. This was followed by 12 s of fixation \[inter-stimulus interval (ISI)\]. Each participant completed a total of 24 preference scenarios and 12 non-social scenarios across 2 run, with the presentation randomized across participants, and no participants encountering both ambiguous and unambiguous versions of the same story. During the course of the experiment, subjects lay in the supine position in the MRI scanner, holding a box with buttons used to indicate the response. The accuracy and reaction time (RT) were recorded while subjects performed the task, using the same software that was used for presenting stimulus (Presentation, Neurobehavioral Systems, Albany, CA, United States).

###### 

Example experimental item in each of the three conditions.

  Conditions               Scenarios                                                                                                                                                                             Questions
  ------------------------ ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------
  Unambiguous preference   Xiaoming went to the movies three times during the summer vacation.                                                                                                                   Where does Xiaoming prefer to sit in a theater?
                           He and his friends arrived early and sat in the front of the theater every time.                                                                                                      \(1\) In the front
                                                                                                                                                                                                                 \(2\) In the middle
                                                                                                                                                                                                                 \(3\) In the back
                                                                                                                                                                                                                 \(4\) Somewhere else
  Ambiguous preference     Xiaoming went to the movies three times during the summer vacation.                                                                                                                   Where does Carl prefer to sit in a theater?
                           He and his friends arrived late and sat in the front of the theater every time.                                                                                                       \(1\) In the front
                                                                                                                                                                                                                 \(2\) In the middle
                                                                                                                                                                                                                 \(3\) In the back
                                                                                                                                                                                                                 \(4\) Somewhere else
  Non-social               This part of the garden is supposed to be reserved for the roses it's labeled accordingly. Recently, the garden was deserted, and dandelions have taken over the entire flower bed.   What does the label say the flowers are?
                                                                                                                                                                                                                 \(1\) Dandelions
                                                                                                                                                                                                                 \(2\) Roses
                                                                                                                                                                                                                 \(3\) Chinese rose
                                                                                                                                                                                                                 \(4\) Something else

fMRI Data Acquisition
---------------------

Brain images were collected using a 3T Siemens scanner (Siemens Magnetom Trio TIM, Erlangen, Germany). Functional images were acquired using a gradient echo-planar imaging (EPI) sequence (repetition time \[TR\] = 2000 ms, echo time \[TE\] = 30 ms, flip angle \[FA\] = 90°, field of view \[FoV\] = 192 mm × 192 mm, matrix size = 64 × 64 pixels, voxel size = 3 mm × 3 mm × 3 mm, inter-slice skip = 0.99 mm, and number of slices = 32). T1-weighted images consisted of 176 slices that were 1 mm thick, with an in-plane resolution of 0.98 mm × 0.98 mm (TR = 1900 ms; TE = 2.52 ms; FA = 9°; FOV = 250 mm × 250 mm; voxel dimensions = 1 mm × 1 mm × 1 mm).

fMRI Data Analysis
------------------

Functional image processing was preprocessed using Statistical Parametric Mapping (SPM8^[1](#fn01){ref-type="fn"}^) and Data Preprocessing Assistant for Resting-state FMRI (DPARSF^[2](#fn02){ref-type="fn"}^). They were slice-time- corrected, realigned to the first image, and corrected for head movements. The anatomical images were then co-registered to the mean EPI images and segmented into white matter, gray matter, and cerebrospinal fluid (CSF). The EPI images were then spatially normalized to the Montreal Neurological Institute (MNI) space with the structural information from co-registration and segmentation. Subsequently, the acquired images were spatially smoothed using one 8 mm full-width-at-half-maximum (FWHM) Gaussian kernel.

The general linear model (GLM) was implemented in SPM8 to identify blood-oxygen-level dependency (BOLD) activation in relation to separate event types. On the first level, an event-related design was used, with three types of events: unambiguous preference, ambiguous preference, non-social control. Each event was convolved (time locked to the onset of each scenario) with a canonical hemodynamic response function (HRF), and a high-pass temporal filter (cut off at 128 s) was applied. Each trial was modeled as a separate event (duration = 14). Six regressors, representing movement-related variance, were also employed in the design matrix. The first level analysis of each participant yielded three individual contrast images (unambiguous preference \> non-social control, unambiguous preference; ambiguous preference \> non-social control, ambiguous preference; unambiguous preference \> ambiguous preference, unambiguous effect) that described the parameter estimates associated with each event modeled. The resulting contrast images were then entered into separate second-level analyses for contrasts of interest, where attachment style (secure attachment, avoidant attachment, anxious attachment) served as a between-subjects variable in a full-factorial ANOVA. For the interaction analysis, the average percentage of change in signal was extracted from the significant clusters for each condition using MarsBar ([@B9]) to examine the direction of the response, and the SPSS 16.0 was used to conduct a simple effect analysis. Correction for multiple comparisons was performed using Monte Carlo simulation. The statistical threshold used for these data was set to *p* \< 0.05 (one-tailed, uncorrected) at the individual voxel level. According to previous researches in ToM domains ([@B71]) and attachment domains ([@B64]), we used AlphaSim program in DPABI software ([@B72]) to correct for multiple comparisons. According to the assumption that meaningful activation in fMRI was spatially clustered, [@B19] suggested that the approach of combining voxel probability threshold with a non-arbitrary minimum cluster size threshold can protect against false positives (Type 1 error). Therefore, statistical significance was set at a combined threshold of *p* \< 0.001 and a minimum cluster size of 46 voxels, which corresponded to a corrected threshold of *p* \< 0.05 (AlphaSim corrected) using the updated version in the DPABI V2.3 toolkit^[3](#fn03){ref-type="fn"}^. The bug in AlphaSim correction reported by [@B16] has been overcome in the DPABI. The following parameters were used to perform the Alphasim correction: single voxel *p* = 0.001, 10000 simulations, voxel size = 3 mm × 3 mm × 3 mm, voxels in mask = 51775, estimated smoothness of statistical map = 11.076 mm × 11.602 mm × 11.047 mm.

Functional Connectivity Analysis
--------------------------------

In the present study, we use a supplementary psychophysiological interaction (PPI) analysis to explore whether the changes in connectivity between a seed region of interest (AI and IPL) and other regions depend on specific experimental condition (psychological factors). Based on the BOLD activation results (the seed regions were defined by the survived brain regions in the attachment group × preference condition interaction), we defined the AI and IPL as seed regions with the contrasts of interest (unambiguous preference minus non-social control: unambiguous preference; ambiguous preference minus non-social control: ambiguous preference; unambiguous preference minus ambiguous preference: unambiguous effect), and extracted the participant-specific time course of activity in the left AI and IPL with a 4-mm radius sphere centered at the coordinates of the two-way interaction. Separate first-level analyses for "unambiguous preference," "ambiguous preference," and "unambiguous effect" were performed for each seed. In order to explore the effect of attachment patterns on task-dependent connectivity of the seeds, first-level contrast of the PPI regressors for "unambiguous preference," "ambiguous preference," and "unambiguous effect" were fed into separate whole brain 3 × 3 full-factorial ANOVA models for each brain region (i.e., left AI and IPL). Therefore, we created two 3 × 3 full-factorial ANOVA models comprising the factor "attachment style" (three levels: "secure attachment," "anxious attachment," and "avoidant attachment") and the factor "preference condition" (three levels: "unambiguous preference," "ambiguous preference," and "unambiguous effect") resulting in nine cells. In the second-level analysis of PPI, clusters were determined using a significant threshold of *p* \< 0.001 uncorrected at a voxel-wise whole-brain level, and a cluster size of *k* \> 40 contiguous voxels are presented.

Results
=======

Behavioral Data Analysis
------------------------

For each group, mean reaction times for correct trials and percentage accuracy rates were averaged across the participants. These data are displayed in **Table [2](#T2){ref-type="table"}**. An analysis of the preference condition (unambiguous preference, non-social control) by group (secure attachment, anxious attachment, avoidant attachment) repeated-measures ANOVA, with mean RT as the dependent variable, revealed a significant main effect of preference condition \[*F*(1,55) = 103.98, *p* \< 0.0001\], indicating that participants responded faster to unambiguous preference (1984.38 ± 210.42 ms) than non-social control (2950.13 ± 326.92 ms). While the interaction between preference condition and attachment group was not significant \[*F*(2,55) = 0.261, *p* = 0.77 (\>0.05)\]. A preference condition (unambiguous preference, non-social control) by group (secure attachment, anxious attachment, avoidant attachment) repeated-measures ANOVA, with percentage accuracy as the dependent variable, revealed a significant main effect of preference condition\[*F*(1,55) = 83.20, *p* \< 0.0001\], indicating that participants responded more accurately in unambiguous preference condition (88.07 ± 11.90) than in non-social control (68.25 ± 16.11), while the interaction between preference condition and attachment group was not significant \[*F*(2,55) = 0.05, *p* = 0.95 (\>0.05)\].

###### 

Means and standard deviations for percentage accuracy and reaction time (RT) data for the preference condition (unambiguous preference and non-social control), presented by Condition and Group.

                                 Secure             Anxious            Avoidant
  ------------------------------ ------------------ ------------------ ------------------
  **Mean RT (SD)**                                                     
  Unambiguous preference         1581.71 (169.57)   1556.71 (269.67)   1508.19 (189.92)
  Non-social control             1949.20 (336.49)   1932.52 (399.35)   1827.35 (235.83)
  **Percentage accuracy (SD)**                                         
  Unambiguous preference         87.92 (13.38)      87.50 (12.86)      88.75 (9.86)
  Non-social control             68.33 (15.20)      66.67 (18.08)      69.58 (15.83)

RT, response time; SD, standard deviation.

Analysis of Neuroimaging Results
--------------------------------

### Main Effect of Preference

The analysis revealed that the left IFG (MNI -45 24 30), left middle frontal gyrus (MNI -45 6 54), and superior frontal gyrus (MNI 0 18 54) survived by contrasting ambiguous preference reasoning with unambiguous preference reasoning (**Table [3](#T3){ref-type="table"}**). No suprathreshold activation was associated with the opposite contrast.

###### 

Main effect of preference.

  Regions                           BA   MNI   *z*-value   Voxels          
  --------------------------------- ---- ----- ----------- -------- ------ -----
  Unambiguous \> Ambiguous                                                 
  No activated clusters                                                    
  Ambiguous \> Unambiguous                                                 
  L Inferior/middle frontal gyrus   9    -45   24          30       3.75   221
  L Middle frontal gyrus            6    -45   6           54       3.94   52
  L Superior/medial frontal gyrus   6    0     18          54       3.51   53

Coordinates (mm) are in MNI space. L, left hemisphere.

### Main Effect of Attachment Style

The analysis revealed that left IPL (MNI -60 -33 36), left middle frontal gyrus (MNI -45 42 21) survived by contrasting avoidant attachment group with secure attachment group; right middle temporal gyrus (MNI 69 -9 -9) and left superior frontal gyrus (MNI -9 54 30) survived by contrasting secure attachment group with avoidant attachment group. In addition, the analysis revealed that no suprathreshold was associated with the contrast between anxious attachment group and secure attachment group (**Table [4](#T4){ref-type="table"}**), while activations in left IFG (MNI -54 21 6), left superior temporal gyrus (MNI -57 -63 18), left middle temporal gyrus (MNI -51 -9 -27), left middle temporal gyrus (MNI 69 -21 -18) and left superior temporal gyrus (MNI -51 -18 -3) was associated with the opposite contrast. No suprathreshold activation was associated with the contrast between anxious attachment group and avoidant group, as well as the opposite contrast.

###### 

Main effect of attachment style.

  Regions                            BA   MNI   *z*-value   Voxels          
  ---------------------------------- ---- ----- ----------- -------- ------ -----
  Avoidant \> Secure                                                        
  L Inferior parietal lobule         40   -60   -33         36       4.47   63
  L Middle frontal gyrus             46   -45   42          21       3.81   20
  Secure \> Avoidant                                                        
  R Middle temporal gyrus            21   69    -9          -9       4.40   57
  L Superior frontal gyrus           9    -9    54          30       4.20   56
  Secure \> Anxious                                                         
  L Inferior frontal gyrus           45   -54   21          6        4.28   48
  L Inferior frontal gyrus           47   -39   30          -9       4.08   20
  L Superior/middle temporal gyrus   39   -57   -63         18       4.03   96
  L Middle/superior temporal gyrus   21   -51   -9          -27      4.02   103
  L Middle temporal gyrus            21   69    -21         -18      3.77   63
  L Middle/superior temporal gyrus   21   -51   -18         -3       3.76   37
  Anxious \> Secure                                                         
  No activated clusters                                                     
  Anxious \> Avoidant                                                       
  No activated clusters                                                     
  Avoidant \> Anxious                                                       
  No activated clusters                                                     

Coordinates (mm) are in MNI space. L, left hemisphere; R, right hemisphere.

### Interaction Between Attachment Group and Preference Condition

As mentioned above, the primary interest of the current study was to examine whether the attachment pattern would affect preference-inferring. The attachment group × preference condition interaction revealed two significant activation clusters (AlphaSim corrected, *p* \< 0.001, **Table [5](#T5){ref-type="table"}**) in the left IPL (MNI -51 -33 27) and left AI (MNI -42 -21 12). The average percentage of change in signal was extracted from left IPL and AI to determine the nature of this interaction (**Figure [1](#F1){ref-type="fig"}**). For the contrast (ambiguous preference vs. non-social control), the anxious attached groups exhibited a significantly reduced activation than secure attached groups in left AI (*p* = 0.007); the anxious attached groups exhibited a significantly reduced activation than avoidant attached groups in left AI (*p* = 0.000); the avoidant attached groups exhibited a significantly enhanced activation than secure attached groups in left IPL (*p* = 0.022); the avoidant attached groups exhibited a significantly enhanced activation than anxious attached groups in left IPL (*p* = 0.000); the anxious attached groups showed a significantly reduced activation than secure attached groups in left IPL (*p* = 0.022). For the contrast (unambiguous preference vs. ambiguous preference), a simple effect analysis indicated that anxious attached groups exhibited a significantly enhanced activation than avoidant attached groups in left AI (*p* = 0.003); the anxious attached groups exhibited a significantly enhanced activation than secure attached groups in left IPL (*p* = 0.014); the anxious attached groups exhibited a significantly enhanced activation than avoidant attached groups in left IPL (*p* = 0.004).

###### 

Regions for interaction between attachment group and preference condition at *p* \< 0.001 (cluster \> 90, Alphasim 0.001 corrected).

  Regions                                         BA   MNI   *z*-value   Voxels          
  ----------------------------------------------- ---- ----- ----------- -------- ------ -----
  Interaction: attachment group × ToM condition                                          
  L Insula/superior temporal gyrus                13   -42   -21         12       4.79   122
  L Inferior parietal lobule                      40   -51   -33         27       4.15   123

Coordinates (mm) are in MNI space. L, left hemisphere.

![**(A)** Left insula. **(B)** Left IPL. Attachment group × Preference condition. Displayed is a rendering of (Attachment group × Preference condition) interaction from the factorial analysis. Bar chart displays the percent signal change in secure attachment group (blue), anxious attachment group (red) and avoidant attachment group (green) for unambiguous, ambiguous and unambiguous vs. ambiguous conditions. Detailed results can be found in **Table [5](#T5){ref-type="table"}**. The asterisks (^∗^) indicate significant differences (^∗^*p* ≤ 0.05, ^∗∗^*p* ≤ 0.01, ^∗∗∗^*p* ≤ 0.001).](fpsyg-09-00139-g001){#F1}

### Effects of Functional Connectivity

The PPI analysis showed that a significant interaction effect of preference condition by group on left IPL connectivity with right precuneus (*z* = 4.16, *p* \< 0.001, uncorrected, see **Table [6](#T6){ref-type="table"}**). After conducting further analysis, we found that, compared with insecure attached group (anxious and avoidant attached group), the secure attached group showed a stronger functional connectivity between the left IPL with the right precuneus during ambiguous preference condition (**Figure [2](#F2){ref-type="fig"}**). While for the contrast (unambiguous preference vs. ambiguous preference), the secure attached group showed weaker functional connectivity between the left IPL and the right precuneus than insecure attached groups. In addition, the PPI analysis revealed a significant interaction effect of preference condition by group on left AI connectivity with left middle occipital gyrus (MOG) extending to fusiform gyrus and inferior occipital gyrus (IOG) (*z* = 4.75, *p* \< 0.001, uncorrected), right cuneus extending to posterior cingulate gyrus (PCG) and middle temporal gyrus (MTG) (*z* = 3.80, *p* \< 0.001, uncorrected). After conducting further analysis, we found that, compared with avoidant group, the anxious group showed a stronger functional connectivity between the left AI and the left MOG during ambiguous preference condition (**Figure [3A](#F3){ref-type="fig"}**); compared with avoidant group, the anxious group also showed a stronger functional connectivity between the left AI and the right cuneus during ambiguous preference condition (**Figure [3B](#F3){ref-type="fig"}**).

###### 

Results of the interaction between attachment group and preference condition for left IPL and AI connectivity.

  Regions                                                                     BA   MNI   *z*-value   Voxels          
  --------------------------------------------------------------------------- ---- ----- ----------- -------- ------ -----
  Interaction effects of IPL connectivity                                                                            
  R Precuneus                                                                 7    15    -48         72       4.16   45
  Interaction effects of AI connectivity                                                                             
  L Middle occipital gyrus/fusiform gyrus/inferior occipital gyrus/cuneus     18   -21   -81         12       4.75   937
  R Cuneus/middle occipital gyrus/posterior cingulate/middle temporal gyrus   30   30    -72         21       3.80   110

Coordinates (mm) are in MNI space. L, left hemisphere; R, right hemisphere.

![**(A)** The interaction between attachment group and Preference condition for left IPL in right precuneus. **(B)** Bar chart displays the mean PPI beta in secure attachment group (blue), anxious attachment group (red) and avoidant attachment group (green) for unambiguous, ambiguous and unambiguous vs. ambiguous conditions. Detailed results can be found in **Table [6](#T6){ref-type="table"}**. The asterisks (^∗^) indicate significant differences (^∗∗^*p* ≤ 0.01, ^∗∗∗^*p* ≤ 0.001).](fpsyg-09-00139-g002){#F2}

![The regions forinteraction between attachment group and Preference condition for left AI. Bar chart displays the mean PPI beta in secure attachment group (blue), anxious attachment group (red) and avoidant attachment group (green) for unambiguous, ambiguous and unambiguous vs. ambiguous conditions. **(A)** Left AI connectivity with MOG/Fusiform gyrus. **(B)** Left AI connectivity with Cuneus/Posterior cingulate. Detailed results can be found in **Table [6](#T6){ref-type="table"}**. The asterisks (^∗^) indicate significant differences (^∗^*p* ≤ 0.05).](fpsyg-09-00139-g003){#F3}

Discussion
==========

The current study employed a text-based ToM task to explore how adult attachment orientations influence neural activity when participants infer the preferences of other individuals, under unambiguous and ambiguous conditions. Interestingly, we found that adult attachment orientations influence neural activity in response to ambiguous preference-inferring in left IPL and AI (extending to superior temporal gyrus). Specifically, in the ambiguous preference condition, the avoidant attached groups exhibited a significantly enhanced activation than secure attached groups in left IPL; the anxious attached groups exhibited a significantly reduced activation than avoidant and secure attached group in left IPL. We also found that the anxious attached groups exhibited a significantly reduced activation than secure attached groups in left AI; the anxious attached groups also exhibited a significantly reduced activation than avoidant attached groups in left AI. In addition, we compared the activation of unambiguous and ambiguous preference-inferring, which was named "unambiguous effect." We found that the "unambiguous effect" of anxious attached group was significantly greater than that of avoidant attached groups in left AI, and was also significantly greater than secure attached groups and avoidant attached groups in left IPL. The results from PPI analysis revealed that the secure attached group showed a stronger functional connectivity between the left IPL with the right precuneus than insecure attached groups during ambiguous preference condition; compared with avoidant group, the anxious group showed a stronger functional connectivity between the left AI and the left MOG, right cuneus during ambiguous preference condition. The findings from PPI analysis provide further evidence for activating findings.

Our text-based ToM neuroimaging study demonstrated left lateralized brain activity, which is in line with previous studies ([@B24]). Estimation of the preferences of other individuals might be influenced by personality traits ([@B41]). The results obtained in this study confirm this, and further indicate that adult attachment affects the process of preference-inferring in ambiguous situations. It has been mentioned that the IPL is associated with intention inference ([@B17]) and imitation ([@B50]). In addition, the IPL has also been found to be associated with executive function ([@B3]; [@B67]), enhanced activation of IPL may reflect more cognitive resources involved in cognitive task. The present fMRI data indicate that the avoidant attached groups exhibited a significantly enhanced activation than secure attached groups and anxious attached groups in left IPL, while engaged in ambiguous preference-inferring task. The findings are consistent with the hypothesis. The ability to judge personal traits of other individuals could reflect individuals' interpersonal sensitivity ([@B2]). Since avoidant attachment is associated with constant effort to maintain feelings of autonomy and self-reliance ([@B49]), the avoidant attachment individuals tend to have a negative perception of other individuals, and consequently are less sensitive to signs of rejection or acceptance. Therefore, the enhanced activation of IPL in avoidant attachment group may reflect the characteristics of low sensitivity when inferring others' preferences in ambiguous situations, and they need to invest more cognitive resources for preference-inferring. The finding that attachment traits affect neural responses in IPL during ambiguous preference-inferring also supports previous results indicating decision-making under uncertainty is supported by IPL ([@B32]; [@B69]).

It is very interesting to found that, in addition to left IPL, the anxious attached groups exhibited a significantly reduced activation than secure and avoidant attached groups in left AI (extending to superior temporal gyrus) during the ambiguous preference condition. Evidences from affective neuroscience and social neuroscience have demonstrated that insular cortex, particularly AI, plays an especially role in empathy processing and uncertainty processing ([@B61]). The degree to which participants could understand their own emotions was found to be associated with activity in the AI during an interoceptive task ([@B59]). Increased activity of AI has been linked to intolerance of uncertainty while processing affectively ambiguous faces ([@B60]), and the insula cortex also involved in the maintenance of anxiety ([@B53]). Thus, the responsivity of AI may reflect the tolerance of uncertainty and the level of anxiety. In addition, [@B10] found that the insula was more activated in healthy subjects than patients with schizophrenia under ToM condition. This study suggests that the insula may act a role in the processing of ToM. Given that AI or insula also play an important role in many cognitive processes (e.g., interoception, pain processing and attention), the role that AI plays in the processing of ToM may not be prominent, while the extending brain area (i.e., superior temporal gyrus) is the ToM-related region and plays a critical role in the processing of ToM. The superior temporal gyrus has been found to have a particular role in understanding causality and intentionality ([@B23]), thus involving in the processing of ToM ([@B70]). Furthermore, a study which examined the relationship between adult attachment and ToM, found that women's attachment anxiety was related with better mind reading when the stimuli were difficult to recognize ([@B35]), implying that the anxious attached individuals may have higher affective mentalizing ability in relatively difficult ToM task. Preference-inferring under ambiguous condition is also a relatively difficult ToM task. Preference carry considerable emotional component, our inferences about preference of other individuals may be guided by the nature of our own experience, especially under ambiguous situation. Given that anxious attached individual performed better in relatively difficult ToM task. A low responsivity of the AI to preference-inferring under ambiguous conditions may imply anxious attached groups' high tolerance for uncertainty and low anxiety, which may further reflect a higher ToM proficiency among anxious attached individuals under ambiguous condition.

In addition, the fMRI data demonstrated that the "unambiguous effect" of anxious attached group was significantly greater than avoidant attached groups in left AI, and was significantly greater than secure attached groups and avoidant attached groups in left IPL. The anxious attached individuals appear to activate their attachment behavioral system more easily which is closely related with a tendency of hypervigilance toward social-emotional stimuli ([@B4]). The value associated with self for anxiously attached individuals is especially dependent on the approval and evaluation of other individuals ([@B52]). Understanding the preferences of other individuals and catering to them may be particularly important for anxious individuals. As mentioned above, the IPL and insula were involved in processing empathy and uncertainty ([@B32]; [@B61]; [@B69]). The "unambiguous effect" of anxious attached group was significantly greater than other attached groups in left AI and IPL, and may imply that the processing modes of unambiguous preference and ambiguous preference among anxious attached group were different from other attached groups. In order to clarify the mechanism of the differences, further research may needed in the future.

Our findings of the differential effects of adult attachment orientations on neural activity in response to ambiguous preference-inferring in left IPL and AI are further supplemented by PPI analysis showing different patterns of functional connectivity to left IPL and AI during ambiguous preference-inferring. Specifically, during ambiguous preference-inferring, the functional connectivity between left IPL and right precuneus was stronger in the secure attached group than that in the other two insecure groups. The precuneus has been related to episodic memory retrieval ([@B1]; [@B11]) and self-processing ([@B11]). The episodic memory entails the recollection of information that is linked to an individual's personal experiences. In order to understand others' mental state, successful ToM reasoning needs individuals to imagine the mindset of others and simulate their experience ([@B7]), which may also involve recalling personal past experiences, especially in ambiguous situations. During the ambiguous preference-inferring, in order to infer the protagonist's preference more effectively, the subjects may need to recall their personal experiences in similar situations. Furthermore, compared with insecure attached individuals, the memory extraction of secure attached individuals is more smooth ([@B15]). Therefore, the finding that the functional connectivity between left IPL and right precuneus was stronger in the secure attached group than that in the other two insecure groups during ambiguous preference-inferring, may imply that, when inferring others' preferences in ambiguous situation, the secure individuals are more likely to recall the personal experiences, which may in turn lead them to perform well. In addition, the PPI analysis from current study showed that the functional connectivity between left AI and MOG (extending to fusiform gyrus and inferior occipital gyrus) was stronger in the anxious attached group than that in the avoidant attached group during ambiguous preference-inferring. Moreover, there was also stronger functional connectivity between left AI and cuneus (extending to posterior cingulate and middle temporal gyrus) in the anxious attached group than that in the avoidant attached group during ambiguous preference-inferring. The occipital areas (e.g., fusiform gyrus) was found to be involved in the processing of the visual properties of Chinese characters and words ([@B63]), word recognition ([@B54]) and preference procesing ([@B68]). While the cuneus/posterior cingulate has been found to be involved in self-referential processing ([@B20]), and plays a pivotal role in the default model network ([@B21]). The default model network was found to be associated with ToM reasoning ([@B62]). Furthermore, evidences from resting state connectivity found an emotional salience monitoring system which linking the AI with cingulate gyrus ([@B65]). Although the anxious attached group showed a low responsivity of the AI to preference-inferring under ambiguous preference-inferring, they showed much stronger functional connectivity between left AI and MOG, cuneus/posterior cingulate, the brain regions involved in preference processing or self-referential processing, and the stronger functional connectivity may contribute to better performance during ambiguous preference-inferring.

Limitations
-----------

Although current study has obtained some interesting findings, several limitations need to be taken into account. First of all, it may be due to the fact that the experimental trials are relatively few or there may be other moderators that play a role in the association between attachment style and preferences inferring, we did not found significant interaction between attachment style and preferences inferring in terms of either RT or accuracy. In order to clarify the mechanisms behind the effects of adult attachment style on preferences inferring, more study need to be conducted in the future. Secondly, although the Alphasim correction has been widely used in fMRI study, compared with other stricter multiple correction methods (e.g., family-wise error), Alphasim correction is a relatively loose multiple comparison correction method, we may need make cautious inference for the results.

Conclusion
==========

The present study was conducted to investigate the effect of adult attachment orientations among healthy young adults on the neural response to preference-inferring under unambiguous and ambiguous conditions. Adult attachment orientations were found to moderate the activation of AI and IPL in response to ambiguous preference-inferring, which was also further confirmed by the subsequent PPI analysis. Our results also indicated that the "unambiguous effect" of anxious attached group was significantly greater than other attached groups in left AI and IPL. Our findings indicate that the avoidant attached individuals show lower sensitivity to the preference of other individuals and need to invest more cognitive resources for preference-reasoning, especially in ambiguous situations. Compared with avoidant attached group, the anxious attached individuals express high tolerance for uncertainty and a higher ToM proficiency during ambiguous preference-reasoning. The findings from current study help to our better understanding of the neural basis behind the effect of adult attachment on the process of preference-inferring. Understanding and catering to the preferences of other individuals is crucial for interpersonal interaction. Our findings imply that differences in preference-inferring under ambiguous conditions among different attachment individuals may explain the differences in performance during interpersonal interactions.
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